Summary.-Cell-surface glycoprotein of 3 rat hepatoma strains and late-embryonic liver was metabolically labelled in vivo with [3H]-or [14C]-fucose. Trypsinization of the cells and exhaustive pronase digestion of combined hepatoma-liver trypsinates followed by gel filtration over Sephadex-Biogel mixtures, yielded elution profiles that contained more early-eluting (high-mol.-wt.) glycopeptides for hepatomas than for liver. At least 3 factors were identified which acted to augment the fraction of earlyeluting tumour glycopeptides: (a) increase of neuraminidase-sensitive sialic acid, (b) increase of neuraminidase -insensitive sialic acid that was sensitive to mild HCI hydrolysis, and (c) presence of sugar sulphate groups contributing to a restricted extent, relative to possible unknown factor(s). Whether (a), (b) or (c) operated depended on the hepatoma strain or its mode of growth. Notwithstanding these differences in the nature of the increase in early-eluting glycopeptides, the increase itself appears not to be due to growth per se, nor to an embryonic expression, but rather may serve as a marker of tumourigenicity.
THE cell surface seems to be intimately involved in the establishment of functional contact relations between cells with respect to recognition, adhesion and control of proliferation (Emmelot, 1973; Nicolson, 1976) . Since these properties are impaired in neoplastic cells it may follow that surface changes are related to, and perhaps even be instrumental in neoplastic cell behaviour.
Initially, a number of phenomena such as loss of a high-mol. -wt. plasma-membrane protein (Hynes, 1973) , increased concanavaliin A agglutination (Burger, 1969) , loss of density-dependent inhibition of movement and growth (Stoker and Rubin, 1967) , decreased growth dependence on serum concentration (Dulbecco, 1970) and growth in semi-solid agarose (Stoker and O 'Neill, 1968 seemed to distinguish between normal and transformed cells.
However, more extended studies have recently shown that these phenomena are 11 not, or are not generally, characteristic of tumourigenic cells (Kolata, 1975; Shin et al., 1975; Hynes, 1976; Nicolson, 1976; Shields, 1976; Smets, Van Beek and Van Rooij, 1976; Nilsson et al., 1977) . These findings underline the importance of extending investigations to several cell systems.
A more promising feature for distinguishing normal from malignant cells, in view of its more general occurrence, is the change recorded in membrane glycopeptides, following differential fucose labelling of normal and tumour cells Warren, 1970, 1971; Sachs, 1973, 1974;  Van Beek, Emmelot, 1973, 1975; Warren et al., 1974; .
Since most of these experiments were carried out in vitro it was considered important to study the change in tumours grown and labelled in vivo. For in vivo studies, suitable normal controls are a matter of concern, since the glycopeptides derived from cells of different organs of the rat exhibit differences in molecular distribution after gel filtration (unpublished observation) . Since Warren, Zeidman and Buck (1975) (Baldwin, 1973; Anderson and Coggin, 1976; Fishman and Sell, 1976) . The use of these tumours in the present experiments allowed the identification of at least 3 components that may increase the apparent molecular weight of tumour glycopeptides.
MATERIALS AND METHODS
Growth and labelling of cells and tumour8.-The Novikoff hepatoma strain N15-67 and Reuber H-35 hepatoma have been obtained as tissue-culture cell lines from Dr H. Van Rijn (State University of Utrecht) and maintained as described previously (Pitot et al., 1964; Van Beek et al., 1973 This method was varied by a stepwise incubation of the tissue pieces with trypsincontaining HHS (90 ml total) the tissue pieces being treated successively with three 30-ml portions of digestion medium for 20 min, followed each time by separation of liberated cells and medium from the remaining tissue pieces, which were then incubated with 30 ml fresh digestion medium. The three 30-ml portions of medium were combined and processed further, the results being similar to those obtained with the above-mentioned continuous incubation. (Mincing of tissue and the second of the above-mentioned trypsin incubation procedures under essentially similar conditions have previously been used to obtain single cells from solid tumours (Garney and Malm-gren, 1967) .) In our hands, trypsinization of the hepatoma tissue pieces tended to damage the cells, but any intracellular membranes thus released would not influence the results, since these membranes of transformed cells exhibit the same type of glycopeptide change as does the surface membrane (Warren et al., 1974 (Warren et al., , 1975 . Moreover, fucose prefereintially labels surface glycoprotein (Atkinson and Summers, 1971) and previous experiments with lymphoblasts (Van Beek et al., 1973) have shown that "leaking" does not interfere with the results. The trypsinates thus obtained were filtered through cheesecloth, and further processed as described by Van Beek et al. (1973) , including digestion by pronase (B grade, Calbiochem. A.G., Luzern, Switzerland) and neuraminidase (from Vibrio cholerae; Behringwrerke A.G., Marburg/Lahn, Germany; the enzyme is multispecific towards the various 0-glycosidically-linked sialyl bonds).
As an alternative to neuraminidase digestion, lyophilized pronase-digested glycopeptides wAere treated with 5 ml O-O1N HCl for 90 min at 80°C. The reaction was terminated by cooling to room temperature and neutralization with NaOH, followNed by dialysis (three-eighths-inch cellulose tubing; A. H. Thomas Co., Philadelphia, Pa., U.S.A.) at 6°C for 24 h against twice-distilled water. The non-dialyzable material was lyophilized and stored at -40°C prior to chromatography.
The freeze-dried glycopeptide preparation of the H-35 hepatoma, after mild HCI hydrolysis, wNas suspended in dry methlanol containing 0-02M HCl (introduced by passing dry HCI gas through absolute methanol), for transesterification of any sulphate groups present in the glycopeptides (modified from Kantor and Schubert, 1957) . To remove traces of water, 10 drops of 2,2-dimethoxypropane (I.C.N. Pharmaceuticals Inc., New York) were added to the suspension which w%as then shaken for 5 h at 60°C. The reaction was stopped by neutralization with NaOH and cooling to room temperature.
Methanol wNas removed under reduced pressure and the residue wAas solubilized in and dialyzed against twice-distilled -water for 24 h at 6°C, lyophilized, taken up in the usual eluent (Van Beek et al., 1973) , and stored at -40°C until chromatography. In all cases, gel filtration was performed with 1-ml samples on a 2: 1 mixture of Bio-Gel P10 (200-400 mesh; Bio-Rad Laboratories, Richmond, California) and Sephadex-G50 fine (Pharmacia, Uppsala, Sweden) as described (Van Beek et al., 1973) . Experiments were repeated 3 times with similar results.
In the elution profile, a vertical shift indicates a change in amount of material, and a horizontal one a change in mol. wt. or size. A profile is obtained by plotting the percentage radioactivity present in each fraction, wvith the radioactivity of the total eluate taken as 100. Thus the profiles illustrate relative amounts of fucose-labelled glycopeptides of various molecular weights and, since the columns w%Nere not overloaded in our experiments, a profile is-and was checked to be-independent of the amount of material brought on the column, and therefore suits comparative analysis. (For estimated mol. wts, see Ogata, Muramatsu and Kobata, 1976 (a) Novikoff ST-I (Fig. I C) : The elution profiles of hepatoma and liver glycopeptides coincided. However, in both profiles Peak IV was similarly decreased and Peak V increased, relative to the results after neuraminidase pretreatment (Fig. IB) . These parallel shifts indicated the additional presence of some small and about equal amounts of neuraminidase-insensitive, but weak HC1-sensitive sialic acid in both the hepatoma and liver glycopeptides.
(b) Novikoff ST-2 (Fig. 2C) : The mild HC1 hydrolysis now led to the coincidence of tumour and liver elution profiles, which were similar in shape to those obtained in the previous experiment of Fig. IC . This indicated that the original difference ( Fig. 2A) Fig. 3D , the restricted change obtained in the elution profile of the tumour, but not of the liver glycopeptide material, indicated that the presence of sulphate groups in the tumour glycopeptide was only to a limited extent responsible for the difference in elution profiles. Raising the acid concentration of the reaction mixture by using 004 or 006M HC1 (the latter as used by Kantor et al., 1957) resulted in a considerable loss of the fucose label. As the condition (0-02M HCI) might have been insufficient for complete transesterification, more specific conditions (Usov, Adamyants and Miroshnikova, 1971; Casu and Gennaro, 1975) are being studied. DISCUSSION A change in a cell property that may differentiate normal from tumour cellsand thus may be used for detecting malignancy-should be studied in many cell systems, different with respect to cell type, mode of growth, species and oncogenic determinant, before its general occurrence can be accepted (Emmelot, 1973; Nicolson, 1976 (Du Bois, 1963) . Hardly any contamination of the latter tissue can be expected in our experiment using late embryonic liver as a control for hepatomas. Furthermore, regenerating rat liver has also been used as a control for rat hepatoma to the same purpose and with the same result (Akasaki, Kawasaki and Yamashina, 1975; Smets et al., 1975) . Thus neither proliferation per se (c.f. also Van Beek et al., 1975) (Warren, Fuhrer and Buck, 1972; Van Beek et al., 1973) Smets, 1977) and many human leukaemias . In all these cases, pretreatment with neuraminidase abolishes the difference in elution profiles between neoplastic and normal glycopeptides.
In the present study, this category is represented by the Novikoff hepatoma ST-I (Fig. lA-C) Fig. 2A-C) . However, when grown in vitro (Van Beek et al., 1973) or in ascites form in vivo , the glycopeptides of this tumour become sensitive to neuraminidase. Hence it appears that a change in sialic acid disposition, affecting the sensitivity to neuraminidase, accompanies the solid-ascites interconversion (c.f. also Cook, Seaman and Weiss, 1963; Maekawa, 1970, 1972 Emmelot et al., 1977) here determines the sensitivity to neuraminidase. This phenomenon is not confined to neoplastic tissues but has also been observed for regenerating rat liver when compared with rat liver cells in vitro  c.f. also Warren et al., 1975 (Fig. 3A-C) . These hepatoma cells, when cultured in vitro and compared with rat liver cells (Van Beek et al., 1973) , do behave similarly (not shown) to the solid tumour as described here. This particular behaviour thus seems to be tumour-strain-specific. A similar type of resistance to neuraminidase and mild acid hydrolysis has been encountered for human chronic myelocytic leukaemia .
The limited effect of the transesterification pretreatment (Fig. 3D) Fig. 1; Fig. 3D illustrates the elution profile of the glycopeptides obtained by mild HCI hydrolysis followed by transesterification as described under Materials and Methods. The technical assistance of Mr J. Breekveldt is gratefully acknowledged.
